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Australia. 6 Introduction 29
Diarrhoea is a significant economic and welfare problem for sheep enterprises worldwide 30 (Larsen et al., 1999; Sargison, 2004; Jacobson et al., 2009 ). Diarrhoea poses a major risk factor for 31 the accumulation of faeces on fleece at the breech (perineal region) of sheep and outbreaks of 32 cutaneous myiasis ("blowfly strike") (Morley et al., 1976; French et al., 1994; Hall and Wall, 1995; 33 Snoep et al., 2002; Bisdorff and Wall, 2008) . Furthermore, breech fleece faecal soiling increases the 34 risk of carcase contamination with enteric microbes associated with meat spoilage and human food 35 poisoning (Greer et al., 1983; Hadley et al., 1997) . In addition, faecal contamination of carcases is 36 associated with trimming of effected carcase tissues, that in turn limits abattoir productivity (Hadley 37 et al., 1997) . 38
39
Despite the widespread nature of diarrhoea in sheep enterprises and the serious economic 40 and animal welfare consequences, little information on diarrhoea prevalence and potential farm 41 management risk factors have been reported. A large number of infectious and non-infectious 42 agents have been associated with diarrhoea in naive lambs, including strongylid nematodes (Taylor 43 et al., 1993; Eerens et al., 1998; Sargison, 2004) , protozoan (Cryptosporidium, Giardia) and 44 coccidian (Eimeria) parasites (Olson et al., 1995; Causapé et al., 2002; Aloisio et al., 2006) . Apart 45 from diarrhoea, strongylid nematodes and protozoa adversely affect lamb meat productivity, 46 through reduced growth rates and subsequent carcase weights of infected lambs (Sackett et al., 47 Statistical analysis was performed using SPSS Statistics 17.0 (Statistical Package for the 124 Social Sciences) for Windows (SPSS inc. Chicago, USA). Reported diarrhoea prevalences 125 (including 95% confidence intervals) were calculated using the exact binomial method for all 126 respondents and for individual agriculture zones (Thrusfield, 2007) . Pearson"s chi-squared test or 127
Fisher"s exact two-sided test for independence were used to determine if management practices 128
were associated with differences in the reported prevalence of diarrhoea. 129
130
Binary logistic regression (multivariable analysis) model was conducted to examine the 131 association of reported diarrhoea (outcome variable) with covariate variables including; winter or 132 autumn lambing, an anthelmintic administered to pregnant ewes, an anthelmintic administered to 133 lambs, WEC utilised to determine if anthelmintic treatment is warranted (yes or no), presence of 134 cattle on property and if the property was located in agricultural zone 5 or 6. In addition, the sources 135 of livestock water (dam, river/creek, bore, or scheme water) were included as covariate factors. 136
Backward elimination was used to determine which covariate factors were removed from the binary 137 logistic regression model, until only significant factors remained. The likelihood-ratio test statistic 138 was calculated to determine the significance at each regression step of the model, followed by 139 building and testing the goodness-of-fit for the logistic regression models. The level of significance 140 for a factor to remain in the final model was set at 5%, with variables that were included in the final 141 model checked for collinearity as described by Stern (2010) . Variables with tolerance values >0.1 142 were considered not to be correlated with other variables and therefore retained in the final model 143 (Stern, 2010) . 144
145
Univariable analyses (ANOVA) were conducted with least significant difference post-hoc 146 tests to determine if the observed diarrhoea, proportion of lambs effected with diarrhoea orutilisation of WEC, were associated with farm average annual rainfall (mm/annum) or the 148 agricultural zone location. 149
150

Results
151
Response rate 152
Of the 336 questionnaires distributed to farmers, 164 (49%) replies were received, of which 153 139 (41.1%) valid, with their distribution across southern Western Australia illustrated in Fig. 3 . 154
The response rate was 139/264 (53%) for mailed questionnaires, 11/59 (19%) for e-mailed 155 questionnaires and 13/13 (100%) for personally distributed questionnaires. 156
157
Meat lamb enterprise characteristics 158
Farm characteristics, number of producer responses, annual rainfall and other farm 159 information is outline in Table 1 , with meat lamb respondents grouped by agricultural zones. 160
161
Reported diarrhoea prevalence in meat lambs 162
The reported diarrhoea prevalence in meat and lamb flocks during 2010 is detailed in Table  163 2. The reported diarrhoea prevalence in agricultural zone 6 (100%) was different to all other 164 agriculture zones (P<0.05), except to zone 5. 165
166
Proportions of meat lambs per enterprise reported with diarrhoea
The proportion of meat lambs per enterprise reported with diarrhoea ranged between 2-168 30%, with the highest mean proportion of lambs reported with diarrhoea recorded in agricultural 169 zone 6 (10.6%) and this was higher than all other zones (P=0.043) ( 
Diarrhoea risk factor analyses 180
Six management factors were significantly (P<0.05) associated with the risk of diarrhoea 181 using univariable analyses. These were; property location in agricultural zone 5 or 6, an 182 anthelmintic treatment administered to lambs, protozoa or coccidia known to cause disease in sheep 183 farms within enterprise district, livestock water sourced from a dam, livestock water sourced from a 184 scheme or livestock water sourced from a bore (Table 3) . 185
186
Multivariable analyses by binary logistic regression identified four factors that were 187 significantly (P<0.05) associated with the risk of diarrhoea. Livestock water sourced from a dam 188 and property location in either agricultural zone 5 or 6, both increased the risk of reportingdiarrhoea (Table 4) . Livestock water sourced from either scheme or bore, decreased the risk of 190 diarrhoea (Table 4) . Respondents that administered an anthelmintic treatment to lambs, reported a higher proportion of 196 lambs with diarrhoea (7.5 ± 0.66%) compared to respondents that didn"t administer an anthelmintic 197 treatment (4.4 ± 1.36%; P=0.041). 198 199 Overall, 34.5% of respondents reported never using WECs, 39.6% occasionally used WECs, 200 21.6% usually used WECs and 4.3% of respondents always used WECs, to determine if an 201 anthelmintic treatment was warranted. Increased utilisation of WECs was associated with an 202 increased farm average annual rainfall, whereby average annual rainfall for those respondents, 203 reporting to never (402 ± 12.2mm), occasionally (432 ± 11.4mm), usually (477 ± 15.4mm) and 204 always (536 ± 24.9mm) utilise WECs, were all different to one another (P<0.001). 205
206
Respondent awareness of protozoan and coccidian parasites 207
Overall, 47.5% respondents were not aware and 32.4% respondents were unsure about 208 protozoan or coccidian parasites (Cryptosporidium, Giardia and Eimeria) being a contributing 209 cause of sheep disease within their district. Specifically, 18/139 (12.9%) were aware of Eimeria, 210 14/139 (10.1%) were aware of Cryptosporidium and 20/139 (14.4%) were aware of Giardia, with 211 11/139 (8.0%) being aware of two or more of these above parasites and 6/139 (4.3%) aware of all 212 three parasites. 213
214
Respondent responses to defined diarrhoea scenarios 215
Across the three diarrhoea scenarios presented (5%, 25% and 50% of respondent meat lamb 216 flock affected by diarrhoea), 21/139 (15.1%) respondents elected to administer an anthelmintic 217 treatment to the entire lamb flock for all of the three scenarios; 63/139 (45.3%) elected to 218 administer an anthelmintic treatment to the entire lamb flock for only one scenario; and 15/139 219 (10.8%) never elected to administer an anthelmintic treatment for any scenario (Table 5) . Overall, 220 64/139 (46.0%) and 90/139 (64.7%), elected not to conduct a flock WEC and not to consult a 221 veterinarian respectively, regardless of the scenario presented (Table 5) This is the first epidemiological investigation of diarrhoea reported for meat lamb flocks on-228 farm in southern Australia. A novel finding in this study was the association between livestock 229 water sources and the reported prevalence of diarrhoea, whereby lambs which drank water sourced 230 from a dam were more than a 100 times more likely to experience diarrhoea compared to other 231 water sources (Table 3 and Table 4 ). It is possible that the lambs drinking from open water sources 232 (dams, rivers or creeks) had increased risk of exposure to faecal pathogens (including protozoa, 233 bacteria and viruses), compared to lambs drinking water supplied from either a bore or the scheme. 234
Faecal material, fertilisers and pesticide residues can be washed from pastures into open watersources following moderate to high rainfall events and this has potentially deleterious effects on 236 livestock water quality (Coddington, 1992; Sharpley and Withers, 1994; Hooda et al., 2000; Smith 237 and Frost, 2000; Bodley-Tickell et al., 2002; Delin and Landon, 2002; Chadwick et al., 2008; 238 Edwards et al., 2008) . 239
240
In contrast, bore and scheme water are protected to a greater extent from contaminants by 241 storage in underground aquifers or via managed catchments, tanks and troughs. With respect to 242 ground water (bore or scheme), surface water movement through the soil has been reported to filter 243 some impurities (fertiliser and pesticide residues) and pathogens as the water passes through 244 different soil layers and pores in the infiltration process. The distance and speed that water travels 245 through a soil profile depends upon soil structure, soil particle size, soil pore size and the depth of 246 the aquifer supplying either the bore or scheme water source and all these factors influence the 247 filtration of pathogens and residues (Stevik et al., 1999; Unc and Goss, 2004; Mosaddeghi et al., 248 2009; Schinner et al., 2010) . 249 250 Diarrhoea was most commonly reported to have been first observed in meat lambs in late 251 winter (August) and early spring (September). Rainfall events reported across the south-west land 252 division in early July, mid and late August 2010 (Australian Bureau of Meterology, 2011b), were 253 likely to have contributed to increased pasture growth, increased distribution of strongylid 254 nematode larvae over pasture and increased surface water run-off from pastures into dams, rivers 255 and creeks. Climatic conditions during August and September are also favourable for the survival of 256 infectious parasite stages, including strongylid nematode third stage larvae (Dobson et al., 1990; 257 Marley et al., 2006; Moss and Bray, 2006) and Cryptosporidium, Giardia and Eimeria (oo)cysts 258 (Robertson et al., 1992; Fayer et al., 1996) . The actual (observed) annual rainfall across the survey 259 region was below average during the 2010 survey period (Fig. 4) , with winter rainfall being thesecond driest on record and spring rainfall the fifth driest on record for the region (Australian 261
Bureau of Meterology, 2011b). Agriculture zones 5 and 6 were not as severely impacted by the 262 reduced annual rainfall when compared to the other agriculture zones (particularly zones 2 and 3) in 263 2010 (Fig. 4) , and this is potentially why farming properties located in zones 5 and 6 had an 264 increased risk of reporting diarrhoea in meat lambs. 265
266
The majority of respondents had administered an anthelmintic treatment to lambs and 267 respondents whoobserved diarrhoea were 2.7 times more likely to have administered an 268 anthelmintic treatment to lambs, than respondents that did not. It was likely that for those 269 respondents located in districts where internal parasites are a well recognised disease risk in sheep, 270 that they would be more likely to implement strategic (preventive) or tactical (in response to 271 suspected helminthosis) anthelmintic treatments. It is also possible that that these same respondents 272 elected to administer an anthelmintic to lambs in response to an outbreak of diarrhoea and/or fresh 273 breech fleece faecal soiling (Besier and Love, 2003; Coles et al., 2006; Besier, 2008; Woodgate and 274 Besier, 2010) . This suggestion was supported by the finding that 16-82% of respondents reported 275 that they would elect to treat the whole lamb flock, where 5%, 25% or 50% of the flock were 276 observed with diarrhoea. However, an investigation of slaughter lambs at abattoirs showed that 277 observation of active diarrhoea or fresh faecal soiling was a poor predictor, as to which consigned 278 groups had high flock WECs (Jacobson et al., 2009) . 279
280
Over a third of respondents reported never using WECs to determine if an anthelmintic 281 treatment was warranted and nearly half of respondents reported that they wouldn"t elect to conduct 282 a flock WEC where 5%, 25% or 50% of the flock was effected with diarrhoea (Table 5) . Farmers 283 that occasionally, usually or always used WECs for planning parasite control (determining if an 284 anthelmintic treatment was warranted), were from districts with higher average annual rainfall andtherefore likely to have a higher risk of helminthosis, compared to those districts with lower average 286 Less than 2% of respondents reported that they would elect to consult a veterinarian if 5% or 294 25% of their lambs were effected by diarrhoea and only 35% of respondents reported that they 295 would elect to consult a veterinarian if 50% of their lambs were effected by diarrhoea (Table 5) . 296
Respondents were 4.1 times more likely to report diarrhoea in their lamb flocks, when they were 297 aware that protozoa and/or coccidia were known causes of disease in sheep within their district. 298
This suggests that respondents reporting diarrhoea in their flocks are potentially more aware of the 299 infectious agents that are associated with diarrhoea. Strengthening communication between farmers 300 and veterinarians may be one way to improve the uptake of sustainable parasite control 301 programmes, which incorporate utilising flock WECs and improving the probability of detecting 302 other infectious agents associated with diarrhoea and reduced sheep productivity. 303 304 A survey questionnaire was considered the most practical method to obtain the information, 305 with the questionaries designed to communicate clearly to respondents what the researchers are 306 asking for and allow accurate retrieval of data. Although a graphical representation of recent 307 evidence of diarrhoea was included in the questionnaire, data in this research was quite subjective 308 depending upon the different experiences of respondents with respect to the detection of active or 309 recent evidence of diarrhoea and the proportion of lambs they observed with diarrhoea. 310
This study accounted for ~11% of the 1,316 farms reported to have a meat lamb enterprise. 312
The questionnaire was designed with the aim of maximising response rate, by making it concise and 313 limiting the complexity of questions. As a result, limitations of this study included not clarifying the 314 type of anthelmintic treatment administered to ewes and lambs and not determining the causes of 315 diarrhoea, as a large number of infectious and non-infectious agents have been associated with 316 diarrhoea in lambs: strongylid nematodes, Cryptosporidium, Giardia and Eimeria (Gregory and 317 Catchpole, 1990; Olson et al., 1995; Sargison, 2004; Aloisio et al., 2006) , bacteria (Campylobacter 318 spp., Yersinia spp. and Salmonella spp.) , as well as viruses (Skirrow, 1994; Belloy et al., 2009) and 319 fungal endophytes (Eerens et al., 1998) . 320 321
Conclusions 322
Diarrhoea was reported in 65% of the surveyed meat lamb enterprises from southern 323
Western Australia in 2010, with the source of livestock drinking water identified as an important 324 diarrhoea risk factor. An increased anthelmintic treatment frequency was observed in those flocks 325 with diarrhoea and this practice increases the risk of anthelmintic resistance development. 326
Improving the availability of cost-effective diagnostic tools may strengthen our understanding of 327 the risk factors associated with diarrhoea in lambs and reveal if there are more options to limit both 328 flock welfare and productivity consequences associated with diarrhoea. 329
330
Conflict of Interest 331
None of the authors has any financial or personal relationships that could inappropriately 332 influence or bias the content of the paper. 333
Acknowledgements 335
We are grateful to the Australian Research Council (ARC) for funding this research and also 336 to the meat lamb farmers that replied to this survey. A special thanks to Rob Shepherd at Hillside 337
Tender Meats (Narrogin), Justin and Jason at Fletchers International, (Narrikup), Nora and 338 
Courtney at Wellards and Pastoralists and Graziers
